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URING the past few years 
the attention of the medical 
profession has been directed 
frequently toward electrotherapeutic 
measures; of these probably none has 
attracted more notice than the various 
uses of the high frequency current, 
especially that type which applies the 
d’Arsonval circuit and which is popu- 
larly known under the term: “‘dia- 
thermy”’ or ‘“diathermia.’”’? In the 
present medical literature one finds 
articles and references giving the 
clinical results after diathermy from 
a wide range of uses and modes of 
application; yet there seems to be a 
paucity of experimental work to sub- 
stantiate and clarify its effects. 
Previous to the World War certain 
foreign investigators, such as Setzu 
(1) (2), Schemmel, von Bernd (3), 
and Labbé and Blanche (4), conducted 


* Received for publication May 19, 1926. 


experimental work. The most in- 
teresting study was that of Setzu, 
who applied diathermy at 2.5 amperes 
to living and dead animal flesh in a 
series of experiments and recorded the 
temperature changes in the tissues. 
He attempted to provide a graduated 
scale, using dead animal flesh, flesh 
from a freshly lulled animal, narco- 
tized animals, and animals unnarco- 
tized. Setzu contended that the 
greater the amount of life in the tis- 
sues the less was the rise in tempcra- 
ture—an inference which he further 
amplified by saying that there Is a 
physiologic reflex which acts to im- 
pede the accumulation of heat in any 
localized region. In these experi- 
ments the seale of life to death was, 
of course, an artificial one, but the 
temperature data during thirty to 
sixty minute intervals of diathermy 
showed the presence of temperature 
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elevation in the tissues. The figures 
were somewhat higher than the re- 
sults which we obtained, but the 
amperage was also higher and, in 
our experience, rather above the point 
of the animal’s endurance. In refer- 
ence to anesthesia, the experimental 
work done by Macleod and ‘Taylor 
(5) (6) proved rather conclusively 
that it does not affect the spread of 
temperature changes in animals. In 
the main, however, the data men- 
tioned below agree with the conclu- 
sion reached by Setzu. 

This paper records the results of 
a series of experiments made on sub- 
jects for the purpose of showing tem- 
perature changes after application 
of diathermy. It was felt that the 
determination of temperature changes 
in the tissues after the application of 
diathermy would provide a reliable 
index and basis for the judgment of 
its effects. Our first efforts were 
concerned with nonliving tissues, and 
these were followed by more exten- 
sive study of the temperature changes 
in living subjects, 7.e., the laboratory 


animal and the human being. 


‘or the purpose of the experiment 
a high frequency machine of standard 
make was used. It developed an 
average voltage of 12,000 in the 
d’Arsonval circuit. The current was 


1 


measured by a milliammeter attached 


to the machine, and was applied to the 

Lvrate howled ent xtended 
to(. P. Yae! of the facult the Har- 
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surface by means of lead-tin electrode 
plates of different sizes, depending on 
the subject and on the object in view. 


Cu 
Cu 
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Cold Hot 


Thermocouple 


#1G. 1.—Diagram of simple thermo- 
couple circuit with galvanometer. 


‘or the measurement of tempera- 
ture changes the ordinary laboratory 
precision thermometer was used _ in 
some of the experiments, but in the 
greater number, the temperature in 
the different portions of the subject 
was measured by electrical thermal 
junction thermometers, or thermo- 
couples, by the galvanometer deflec- 
tion method (7) (8) (see Fig. 1). 
The diagram of the apparatus used 
for these experiments is shown in 
figure 2 

A vertical beam of light from an 
electric lamp was deflected by means 
of a right-angled prism upon the 
mirror of the galvanometer coil in 


wall. The beam was. reflected 
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back through the prism and thence 
fell vertically upon a scale marked in 
centimeters. By placing a resistance 
in series, the galvanometer deflection 
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fusing the ends of No. 28 copper and 
Ideal? wires and housing the couple 
in a l-inch section of thin glass tubing. 
One open end of the glass tubing was 


Galvanometer Short-circuiting Swatch 
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ric. 2.—Diagram of apparatus used in experiment 


could be checked within the scale 
limits, and a resistance in shunt 
dampened the oscillation of the gal- 
vanometer coil. In order to elimi- 
nate the effect of any tension or 
stress in the coil, a reversing switch 
was placed in the circuit, by means of 
which the direction of the induced 
current could be reversed in order 
to obtain the average deflection in 
oth directions, 

Che thermal junction thermometers, 
r thermocouples, were made by 


sealed in the flame and the fused por- 
tion filed until the partition between 
the lumen and the exterior was quite 
thin. The thermal junction was in- 
serted through the open end until i 
approximated the closed end of the 
tube, and then the outcoming insu- 
lated wires were held in place with 
sealing wax. The wires from the 
thermocouples to the selective switch 
were housed in rubber tubing for 


‘Ideal’ is the trade name of the nickel 
1? . ~~ . 4] 41 . 1 
alloy wire used in the thermocounlk 
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and in order to facilitate 
four such thermocouples 
were made and in the fifth, which was 
to be used for recording joint tempera- 


protection 
handling. 


tures, the thermal junction was not 
protected by glass tubing but was 
coated with shellac. 

All five thermocouples had a com- 
cold immersed in a 
Dewar flask containing molten sodium 
sulphate. The latter has a melting 
point of 90.8°R. 


mon junction 


Which can be main- 
tained in a thermos bottle for several 
hours. ‘The cold junction was thus 
kept at a fairly constant known tem- 
perature somewhat below the temper- 
ature to be measured. The system 
was calibrated with the hot june- 
tions in water of known temperatures, 
so that for every deflection the tem- 
perature of the hot junction could 


While 


this method is simple and convenient, 


be determined from a curve. 


it introduces a slight error in case the 
In these 
experiments, however, the resistance 


circuit resistance changes. 


of the circuit was always the same 
the temperature 
practically the same. 


because room was 
The potentiometer method for re- 
described 
by Benedict and Slack (9), and others, 


cording temperatures, as 
Is perhaps in more common usage for 
recording body temperature; yet for 
this purpose the apparatus just de- 
scribed scemed to be sufficiently ac- 


curate and adaptable. 
(OBSERVATIONS 
On Nonlivin / l Y 
In the experiments carried out on 
nonliving tissue, potatoes, fleshy 
meat, and lamb joints were used: 


several interesting points developed. 
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Nonliving tissue may be coagulated 
with diathermy, with temperature 
elevation depending on the variations 
in size, milliamperage, length of ap- 
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lia. 3.—Showing temperature curve of 
potato after diathermy application of 1,000 
milliamperes. 


plication, and mode of application, 
Coagulation of the tissue is not al- 
ways perfectly uniform, though the 
uniformity increases as the time is 
extended, other factors being equal. 
Curves from the experimental data, 
as in Figure 3, show a marked rise 
in the temperature, which gradually 
reaches a constant level when the 
heat losses by radiation, convection, 
and evaporation balance the heat 
input in the form of electrical energy, 
the milhamperage and other factors 
being unchanged. It was observed 
that the presence of tissue juices in 
the fleshy meat exerted a dampening 
the for the 
lowest portion, to which the juices 


effect on coagulation, 
gravitated during the application ol 
heat, was less well coagulated than 
the portion immediately above. 


On Living T issue 


experimental work on living tis- 
sue involved several different objec- 
tives, one of which was the effect ol 
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TABLE 1.—TEMPERATURE CHANGES IN A DOG AFTER DIATHERMY 


TEMPERATURE HIP JOINT 


Hip Joint 


VAGINA 


500 milliamperes applied for 1 hour and 15 minutes) 


| F, 


j 


| 


ne Eee eae ere ere .| 99. 46 
I 6 6885.40 G a ha NEO ORES | 100. 41 
inal 100.31 
ee ae ee Ma eee a a | +0. 85 
Elbow Joint 
(600 milliamperes applied for 20 minutes) 

| > ,’ 

j - < 
(14° eer TTT ee TT eT Te 99.73 

ee oe re 

| ae ee ar ny | 98.74 
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TABLE 2.—TEMPERATURE CHANGES IN A DOG AFTER 
APPLICATION TO (1) ELBOW JOINT AND (2) HIP JOINT 


TEMPERATURE RECTUM 


Elbow Joint 


us 
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(500 milliamperes applied for 1 hour and 5 minutes) 
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APPLICATION TO (1) HIP JOINT AND (2) ELBOW JOINT 


RIGHT 
ELBOW 


F, 
98.0] 
100.09 
100.05 


+204 


DIATHERMY 


In Capsule 


F, 
99.78 
102.20 
101.93 


bo 
wb) | 





eS 











6 THE JOURNAL OF INDUSTRIAL HYGIENE 


diathermy on the joint. In _ these 
experiments dogs were used. The 
animals were anesthetized by an 


injection of 5 per cent. sodium barbi- 
tal in the femoral vein. 
thetization was maintained evenly for 
several hours and was found to be a 


The anes- 


suitable method throughout the inves- 
tigation. When anesthesia had been 
established, the joints were exposed 
thermo- 
couples were inserted within the cap- 


by sharp dissection, and 
sule, in the case of the glass covered 
junction, or between the articulating 
the 


junction was used. In 


fine-wire 
‘SCS 
an additional junction was placed sub- 


surfaces if shellacked 


some 


cutanecously, and in all animals either 
a rectal or a vaginal couple was in- 
serted to record the body temperature. 
The tissues were then approximated 
with sutures and each lead was car- 
ried through a skin incision at some 
distance from the joint location and 
buried subcutaneously, in order to 
facilitate the close approximation of 
the lead-tin electrode plates directly 
over the joint. 

In Table 1 the temperature varia- 
tions in the hip joint of the dog are 
an application of dia- 
and 
milliamperage of 


shown after 


thermy for one hour fifteen 
minutes with a 


O00. 
within the capsule of the joint. 


The thermocouple was located 
lol- 
lowing this experiment a second at- 
tempt was mace with the same ani- 
the 


twenty 


mal, applying the electrodes to 


elbow joint for a period of 
minutes with a milllamperage of 600. 

A sumilar experiment is recorded in 
Table 2, where, first, diathermy at 
500 milliamperes was applied to the 
‘Ibow ] int of the dog for one hour 


and five minutes, using a fine-wire 





junction for recording the tempera- 
ture, and secondly the hip joint tem- 
perature was measured for a period 
of thirty minutes, at 600 milliamperes. 
In both tables the second experi- 
ment followed within a few minutes 
the conclusion of the first. Lead- 
tin electrode plates, each measuring 
about 2 square inches, were secured 
by rubber bands to the internal and 
external lateral surfaces of the elbow 
joint, though it was found difficult to 
secure accurate approximation. In 
applving diathermy to the hip joint, 
each electrode measured 6 square 
inches; one was placed laterally and 
dorsally over the region of the great 
trochanter, while the was 
fastened on the media! surface of the 
thigh as high as the perineum would 
permit. In all cases the electrodes 
were applied to the shaved surface of 
the skin. 

In general, the body temperature 
underwent a gradual fall during the 
course of the experiment, although 
it may be seen that in Table 2 a 
slight rise in the rectal temperature 
followed the application of diathermy 
to the hip joint—an effect which was 
probably due to the proximity of the 
source of heat to the rectum. ‘The 
temperature was increased in both 
joints and to a greater extent in the 
elbow, the more superficial of the two. 
Subcutaneous thermocouples gave tem- 
peratures paralleling those recorded 
in the joints, though the total rise 
was somewhat greater, owing largely 
to the facet that the 


neous 


second 


initial subecuta- 


temperature was lower (as 
shown by Macleod and Taylor (5)) 
than the deeper joint temperature. 

In the next experiment a large dog 
kilos used, 


weighing about 352 was 


5.1. Hi. 
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and four thermocouples were located 
as follows: one in either side of the 


TABLE 3.—TEMPERATURE CHANGES IN A DOG UNDER DIATHERMY 


ture in the left hip 


constant rise approaching an equi- 
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showed a fairly 
































| ) 
TIME | EN | Right | 
PERAGE es ° ret | ; ; 
| Kidney | Left Hip Kidney | Right Hip Rectum 
| | Region | Region | 
p.m. | °F. | °F. | °F. | "Fs | "". 
12:28 0 101.28 | 100.76 | 101.57 | 101.35 | 101.30 
12:35 1,000 101.19 | 102.97 | 101.85 | 101.85 | 101.48 
12:40 1,075 | 101.24 104.32 | 101.50 | 101.48 | 101.48 
12:47 1,075 | 101.26 | 105.53 | 101.46 | 101.52 | 101.84 | 
12:54 1,175 | 101.48 | 106.48 | 101.60 | 101.68 | 102.02 | 
1:08 1,175 | 101.88 | 107.15 | 101.90 | 102.00 | 102.56 | 
1:09 | 1,175 | tespirations ceased. | | | : | 
1:14 | 1,175 | 102.00 | 108.32 ' 101.93 | 162.20 102.74 
1:27 | 1,175 | 102.91 | 111.73 | 101.93 | 102.47 | 103.64 
1:33) | 1,175 | 102.95 | 114.68 | 101.80 102.68 | 104.26 
1:46 | 1,175 | 103 14 | 117.19 | 101.66 102.83 | 104.72 
‘etroperitoneal fat, posterior he f 
retropel tonea fat p ster «i to t or x ren 
kidney, and one in either hip joint, Ne c rath 
, . : >| : ow Was 
‘ter space had been made by resect- | IQ f to 
, , ; mI / 
ing a small portion of the head. SS 
The operations were rather extensive //é| ‘Se 
and it seemed that the animal suffered ay 
: ‘5 
moderate degree of shock. Dia- /08| ve / 
: ‘ : - i/ 
thermy was applied through two — | 
laetr T= 19 eh 1AgQS 7 : c ‘ ” ‘ 
electrodes, each measuring 18 square 104 | Feectol | 
inches, and these were secured later- “a ra eft | 
ally oY ] 1¢ tr « } 1 1 f es 24 
ally and medial y about the region o Aa Hidiey 
the left hip joint. Body temperature /001 wil 
was estimated by an ordinary labora- 1220 40 -OO 20 GO FIV. 


inserted in the 
Diathermy was applied con- 
tinuously for one hour and eighteen 

inutes at a milliamperage varying 
from 1,000 to 1,175. It was noticed 
that the animal’s general condition 
gradually grew worse, and respirations 
ceased after forty minutes. 
periment continued, however, 
ior thirty-eight minutes longer. It 
Was observed that the local tempera- 


thermometer 


rectum. 


tory 


The ex- 


Was 





Kia. 4.—Temperature 
under continuous 
after death. 


librium 
more striking was t! 


temperature which 


death had taken place. 


diathermy 


temperature, 


changes in a dog 
before and 


while perhaps 


ie sharp rise in 


occurred after 


‘The tem- 


peratures in the left kidney region 
and in the rectum exhibited a slight 
rise, which became more abrupt after 
On the right side the tempera- 


ceath. 











& THE JOURNAL OF INDUSTRIAL HYGIENE 


tures paralleled those found in the 
left kidney region until death, and 
then continued to rise but to a much 
less extent, the final temperature in 
the right kidney region—the farthest 
removed from the source of heat 

being the lowest. A more graphic 
conception of the events may be 
obtained by referring to Table 3 and 
to the accompanying chart (Fig. 4). 
The most interesting feature of the 
experiment was the remarkable change 
in the temperature measurements 
which after death. Death 
may have been due to an overdosage 
of anesthetic or to the surgical shock 
the operative proce- 
dures, which were extensive and long 


occurred 


attendant on 


continued, though possibly both fac- 
tors played a part. 

An effort was made to secure the 
temperature measurement of the knee 
joint in the human subject. Two 
electrode plates, each measuring 133 
square inches, were placed as indicated 
in Figure 5. Several applications 
were necessary before a comfortable 
treatment could be given, diathermy 
in the meantime being interrupted. 
The thermocouple was placed in the 
popliteal space, an artificial cavity 
heing formed with the knee sharply 
The treatment consumed one 
milli- 
amperage varying from 400 to 900; 
the initial temperature of 98.33°F. 
rose to 103.28°F.—a_ difference of 


flexed. 
hour and ten minutes, at a 


-. 


nearly 5°, 

The experiment emphasizes several 
points, such as the individual reac- 
tion to the application of diathermy; 
the importance of careful, even ap- 
proximation of the plates to the skin, 
either with the protection of bony 
prominences or their avoidance; and 





suggests that the response on the 
part of the patient should afford a 
reliable index as to the increase or 
decrease in the strength of the cur- 
rent. An increase in the strength 
of current despite the patient’s dis- 
comfort would no doubt result in 
tissue damage. In one of the first 
experiments diathermy was applied 
to an anesthetized cat weighing 4 
kilos, at a milliamperage averaging 
1,750. Plates were secured to the 
lateral abdominal wall, one on either 
side, each measuring 21 square inches. 
The experiment covered one hour’s 
time and the animal showed signs 
of tissue damage, almost from the 
beginning, and was dead at the con- 
clusion. Thermocouples had been in- 
serted in the rectum and in the peri- 
toneal cavity, registering an average 
initial temperature of 98.24°F. and at 
death a temperature of 119.2°F. Ne- 
cropsy findings disclosed hard, raised 
welts in the skin immediately be- 
neath the plates, the intestines were 
hard and nonflexible, the blood ves- 
sels of the omentum were deeply 
injected, and minute hemorrhages 
covered the surfaces of the viscera, 
while the lungs likewise showed evi- 
dence of diffuse hemorrhages. ‘The 
experiment provided an index for the 
strength of current used in later work. 

The difficulties of obtaining an 
accurate determination of the tem- 
perature of the lungs were apparent, 
yet it was thought that an approxi- 
mate estimation of the thoracic 
temperature might be obtained by 
thermocouples placed deep in the 
esophagus. A dog weighing 4 kilos was 
used. A diagrammatic cross section 
of the thorax is shown in Figure 6, 
with the location of the plates, each 


4.4, te 
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measuring 14 square inches. The 
thermocouple was inserted in the 
esophagus for a distance of 14 inches, 
measured from the front teeth. An 
average strength of 700 milliamperes 
was applied to these electrodes for 
one hour, and the thermocouple regis- 
tered a_ slow, steady rise from 
100.67°F. to 102.74°F., a difference of 
2.07°. <A second experiment per- 
formed under similar conditions, but 
with a milliamperage of 400 and ap- 
plied for three-quarters of an hour, 
recorded a rise of 0.73°F. in the eso- 
phageal thermocouple. Under theo- 
retically similar conditions, and with 
allowance made for error, these two 
figures are comparable. 

The importance of determining the 
degree of temperature change in the 
thoracic cavity when a form of heat 
is applied becomes apparent when 
both medical profession and laity 
frequently assert the value of dia- 
thermy in the solidified lung of pneu- 
monia. It is generally believed that 
the circulation is active in foci of 
pneumonic solidification. Our experi- 
ments failed to show a notable rise in 
the deep temperature of the thoracic 
cavity in the presence of a normal 
circulation, and it would seem that 
the circulation in a pneumonie lung 
would be equally effective in distribut- 
ing locally directed heat. The ex- 
tent of heat penetration is probably 
limited, and the heating of the parietal 
pleura will perhaps account for the 
relief of symptoms noted in pneu- 
monic patients treated with dia- 
thermy. 

In other experiments made for the 
purpose of determining deep body 
temperature, thermocouples were in- 
serted in the rectum of the human 


Vol. 9 
No. i 


subject, and diathermy was applied 
to plates over the abdomen and low 





I 


Fig. 5.—Diagram showing mode of elec- 
trode application on the right knee, the 
thermocouple being placed in the popliteal 
space. 


Fic. 6.—Diagrammatic cross’ section 
showing electrodes applied to the thorax 
of a dog with thermocouple inserted in the 


esophagus. 
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10 THE 
back. In one subject a thermocouple 
was Inserted 14 inches in the rectum 
and electrodes measuring 105 square 
inches each were fastened, one over 


the lower abdomen, the other over 
the lumbosacral region. The cur- 
rent, averaging 3,300 mulliamperes, 


was delivered for a period of twenty- 
five minutes. The patient experi- 
enced a local sense of warmth at 
which gradually increased until 
there was a sense of warmth through- 
out and the body was covered with 
perspiration. The temperature rose 
98.67°F. to 102.38°F.—a_ dif- 
ference of 3.71°. In a succeeding 
experiment the thermocouple was in- 
serted 2 inches in the rectum and one 


first, 


from 


large plate of 64 square inches was 
placed over the lower abdomen, while 
a bipolar attachment, of two plates 


measuring 32 square inches apiece, 


secured each but- 


LOCK, Dis 


was laterally over 


ihermy was applied at an 


average of 3,200 milliamperes for 
thirty minutes, and the tot al rise in 
temperature was 2.43°r. The = sen- 


sation was simular to that in the fore- 


eoing experiment. In each case a 


mild diffuse hyperemia appeared inp 
the skin direetly beneath the elec- 
trodes. 


(COMMENTS 


At the conclusion of these several 
experiments certain observations ob- 
tained. ‘lhe moderating effect which 
circulation of the blood 
must exercise in preventing the local 
accumulation of heat must always be 
prominent. One that 
with 
state could account for 
a temperature elevation beyond the 


the normal 


assume 
interferes 


may 


any process which 


this normal 
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usual limits. In the case of the 
pneumonic lung, the respiratory func- 
tion of the tissue in the diseased area 
is suspended, yet experimental data 
show that the focus is well circulated. 
Our records failed to disclose a nota- 
ble elevation of the deep temperature 
in the thoracic cavity of the normal 
animal, and it appears doubtful that 
a marked elevation could be obtained 
in the well-circulated pneumonic lung 
Joints should prove better regions 
for the accumulation of heat, because 
they do not receive so active a cire- 
ulation as that found in other organs. 
After diathermy, however, the eleva- 
tion of the local temperature in 
joints was not noteworthy. It was 
observed that a difference in tempera- 
ture of nearly 5°. was attained after 
a diathermy treatment of the knee 
joint. Further, it is that 
hydrotherapy, electrie pads, 
and other sources of external heat 
will elevate the superficial tempera- 
ture as much as 5°I*., while Macleod 
and Taylor (5) have shown that the 
heat from an electric pad may pene- 
trate to a distance of 3 inches. ‘The 
location of the joint, its surface ana 
omy, and the mode of application of 
the heat are all factors which greatly 
modify a local increase in tempera- 
ture, and in these experiments the 
additional factor of an operation on 
the joint must be considered. We 
were unable, however, to detect a 
temperature increase after diathermy 
above that which could be obtained 
from other sources of external heat 
Therefore, while an increase in joint 
temperature after an external heat 
application is more probable than the 
production of a 
other organs, 


known 


~ 
A lassage, 


change in 
the matter of circula- 


similar 


J.1. H. 
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tion must still play the important 
role in control and distribution. 

One does not doubt the power of 
diathermy to cause an elevation of 
temperature in uncirculated tissue. 
This is a fact easily demonstrated, and 
it was interesting to note the abrupt 
change which occurred in the tem- 
perature following death (see Fig. 4). 

The question of possible injury to 
tissues in the treatment of patients 
by diathermy is one to be carefully 
considered and dealt with. One has 
in diathermy a form of electrical 
energy which is not well understood. 
[t is a powerful agent, apparently 
capable of causing gross injury, and 
by virtue of this fact must be used 
with caution. The control which is 
offered in the patient’s subjective re- 
sponse represents a safety barrier and 


one which should not be forgotten. 
Tissue damage must result from the 
application of any form of heat be- 
yond the endurance of that tissue. 
One may assume that with diathermy 
the heat is subject to a more accurate 
control and it 1s more evenly and 
uniformly distributed than in the 
application with hydrotherapy, 
massage, and electrical baking de- 
vices. It may, therefore, secure a 
greater penetration, yet the factors 
which govern and control its distri- 
bution must obtain here as in other 
methods of heat application. 

That diathermy adds another 
valuable tool to our armamentarium 
is undoubted, yet indiscriminate use 
is to be discouraged and, as medical 
experience so often demonstrates, its 
practice must be cum grano salts. 
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PREVENTIVE MEDICINE IN INDUSTRY 
EXPERIENCE OF A WESTERN MAIL ORDER HOUSE* 
C. O. Sappincron, M.D., Dr.P.H. 





Medical Director. Montgome ry Ward and Company, Oakiand, Calif. 


N THE December, 1925, number 
of the American Journal of Public 
Tlealth, Dr. D.C 


called attention to the great oppor- 


Parmenter (1) 


tunity afforded the industrial hygienist 
for the practice of preventive medicine. 
He further upon the 


cis a el cn a aa 
chance which each physician has, in 


commented 


his personal contact with employees 
during the physical examination, for 
the 


function 


Investigation of disturbances of 
which 


are often more important than actual 


and minor disorders. 
organic disease. 


Perhaps another important point 
may be added to these noteworthy 
observations: It 


seems rational to 


assume that a necessary step in the 
program medicine in 
industry would be the careful collec- 


tion of dat: 


of preventive 


bearing on defects found 
and the 
the dispensary experl- 


i 
In physical examinations 
character of 
ence, With an analysis of this material 
and a constructive program adaptable 
to the correction of the defects ob- 
served and the institution of measures 
calculated to incidence 


reduce the 


of the chief types of functional 
disturbances. 

With these ideas in mind, the 
experience of the Oakland, Calif., 
plant of Montgomery Ward and 


* Received for publication Aug. 18, 1926. 


Company for the year 1925 is here- 
The 
ducts a general mail 
which 


with presented. Company con- 

order business 
mainly those 
health hazards usually found where 
light manual labor and clerical work 
The 
703 


course of the vear. 


presents only 


] 
‘ 


varied 
1,170 during the 


are done. population 


between and 


STANDARDS OF EXAMINATION 


The Company has provided that 
any employee who has been in service 
for a period of one year or more is 
entitled to any medical or surgical 
attention which is deemed expedient 
by the medical director, this work to 
be done at the Company’s expense. 
With 


became necessary to adopt high stand- 


such a regulation in force, it 


ards of acceptance in order that the 
expenses of the medical department 
would not be unduly increased in 
coming years. 

classifications of examined 
applicants have been used: 


live 


1. Those unconditionally accepted. 


2. Those accepted but needing 
special placement. 
3. Those accepted, not needing 


special placement but needing fol- 
low-up work. 
1. ‘Those 


(other than classes 2 and 3). 


accepted provisionally 


— r | 


5. Those rejected. 


d. i. Bi 
Jan., 1927 
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The examination procedure followed 
closely that used in the larger in- 
dustries at the present time and need 
not be given in detail. In applicants 
aged 40 or over, blood pressure read- 
ings and urinalyses have been done; 
attention has also been paid to weight 
and to chest and abdominal measure- 
ments. Considerable care has been 
exercised in searching for focal in- 
fection, principally with regard to 
tonsils and teeth, inasmuch as it has 
been shown that focal infection has 
been one of the chief causes for re- 
tirement on pension in the experience 
of some of the larger eastern industries. 


RESULTS OF EXAMINATION 


The results of the examinations of 
1,350 applicants are shown in ‘Table 
|, tabulated according to examination 
classification, age group, and sex. 
Of the entire group, 64.3 per cent 
were under the age of 20 years and 
92.2 per cent. were under 30. Ap- 


proximately the same percentage, 17.2 
and 17.3, was provisionally accepted 
in both sexes. More than double the 
percentage of males as compared with 
females was rejected. 

An important consideration in a 
preventive program in industry is a 
discovery of the defects possessed by 
the candidates presenting themselves 
for examination. ‘The results for the 
present group are shown in Table 2. 
Krom the standpoint of percentage 
occurrence, the following defects ap- 
pear to be worthy of mention: acne, 
underweight, history of dysmenorrhea, 
‘arious teeth, defective vision, en- 
larged and infected tonsils, various 
foot troubles, poor posture, simple 
thyroid enlargement, and transitory 
nervousness manifested by rapid pulse. 

It was found necessary in the 
examination of applicants in this 
series to accept some provisionally 
with the idea that a subsequent 
examination would show a change or 


TABLE 1.—EXAMINATION CLASSIFICATION WITH REGARD TO AGE AND 
SEX OF 1,350 APPLICANTS EXAMINED 


CLASSIFICATION a stamens 
15-19 | 20-29 





AGE PERIOD TOTAL 


lannat t. 
30-39 40-49 50-59 Number — 


Males 
Py oo nc 0-0 46s cuenecas 384 | 162 30 i) 4 589 77.9 
PROWMIOORL, «occ cece ccsecs 8? 36 5 3 5 131 17 .2 
ee 24 Q) 2 ; 2 4() 5.3 
WS conc k was ee ees 490 | 207 37 15 11 760 56.3 
Females 
PI. 65 op sree nn veece en 304 134 27 6 5 476 80.7 
ie | 67 32 2 l () 102 17.3 
I ii x 5 cua bay 2 80053 <4 7 4 l 0 () 12 2.0 
Potals.. 378 170 30 7 5 590 43.7 











———— oe — 
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i | 
| 
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improvement in the condition. Two accepted, 131 males and 102 females. 
hundred and thirty-three were thus Table 3 sets forth the reasons for this 
provisional acceptance, the most im- 

TABLE 2?.—PHYSICAL DEFECTS IN portant of which were: rales at one 
ORDER OF PERCENTAGE OCCUR- or both apices, rapid pulse, thyroid 
RENCE AMONG 1,350 APPLI- enlargement, and increased tempera- 
CANTS EXAMINED ture. These occurred singly some- 





} 


TABLE 3.—DEFECTS OCCASIONING 
PROVISIONAL ACCEPTANCE OF 
233 APPLICANTS (17.2 PER 
CENT.) AMONG 1,350 EX- 


DEFECT 





| NUMBER OF CASEs || 


| PERCENTAGE 























| AMINED 
| 
= ” menenet aaa ~ Ms 
Males (760): | 
SO etre Te | 344:45.3 ~ | 8 
2. Underweight. .... ceeeeee.| 342/45.0 DEFECT -) < 
3. History of serious illness...| 264 34.7 a Z, 
4. Carious teeth...cs....00 sce 186 24.4 = 2 
5. Relaxed inguinal rings. ....| 160)21.0 ae. 
6. Lung conditions............| 127}16.7—_§ ———————__ |! — 
7. Defective vision............| 95)12.5 Males (131): | 
8. Relaxed transverse arches. .| 8310.9 1. RAles in one or both lungs..| 78 59.5 
9. enlarged and infected ton- | | Bi: BE Mi ae tacanceneneed 23 |17.6 
| rer ere re er | 8010.5 3. Increased temperature.....| 5 | 3.8 
10. Varicocele...... ererere es ae 4. Badly infected tonsils...... | 4) 3.1 
Ga. SE Ws hida ev coc een e cers | 73, 9.6 5. Erreatlar ROO... .6......5. | 4] 3.1 
AD, POOP WOGRUIS, oo occ ceaceens | 61, 8.0 6. Defective teeth.............] 3] 2.3 
13. Rapid pulse.............. 59) 7.8 7. Thyroid enlargement....... 3 | 2.3 
14. Loss of over 1 week in past | 8. Defective vision....... | 2118 
EEE Se ee rere | 54| 7.1 9. Unguinal hernia............| 2 | 1.5 
15. History of major operation | 53) 7.{ 10. History of bronchial fistula.| 1 | 0.8 
Females (580): | 11. History of otitis media.... | 1;0.8 
1. History of serious illness...) 195 33.0 12. Infected teeth and tonsils..} 1 | 0.8 
2. History of dysmenorrhea. ..| 171,29.0 13. Dental abscess............. | 1} 0.8 
3. Underweight....... | 168 28.5 14. Head injury..............-.| 1/;0.8 
4. Carious teeth........ | 9015.2 Se SIE, cos peek as ovenes 1/ 0.8 
». Rapid pulse... Peery 8113.7 16. Testicular tumor........... 1 | 0.8 
6. Acne.......... ee 7312.4 Females (102): | | 
7. Defective vision........... 65 11.0 1. Thyroid enlargement... .....| 33 |32.4 
8. Hlistory of major operation.| 6410.8 i rer 16 |15.7 
9. Enlarged and infected ton- 3. Rales in one or both lungs. .| 23 22.4 
sils D2 9.3 1. Increased temperature.....| 20 |19.y 
10. Loss of over 1 week in past 5. Badly infected tonsils......} 2 | 1. 
| Serre Sarees 51, 8.6 et |. re | 211.9 
11. Poor posture | 48 8.1 7. Irregular heart.............| 2] 1.9 
12. Rise in temperature ...| 42) 7.1 S. Badly infected teeth. ...... ; 1/ 0.9 
13. Thyroid enlargement 41 6.9 9. Defective vision..... | 1/0.9 
14. Lune conditions.. 36, 6.1 10. Unstable nervous system. . | 1) 0.9 
15. Overweight...... 24 4.0 Tes SRW exe ci anvencees 1 | 0.9 
J.1. H. 
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times and at other times in various 
combinations. 

Less frequently it was found 
necessary to reject applicants. ‘The 
_eauses for rejection are exhibited in 
Table 4. While the numbers are too 
few to permit deductions, valvular 
heart disease, recent otitis media, 
TABLE 4.—CAUSES FOR REJECTION 


OF FIFTY-TWO APPLICANTS (3.9 
PER CENT.) AMONG 1,350 

















EXAMINED 
| 2 
ae 
DEFECT | o| 
eo | & 
al @ 
z | & 
ie ee ee |_| —— 
Males (40): | | 
1. Valvular heart disease......) 11 |27.5 
2. Recent otitis media........| 4 |10.0 
3. Probable tuberculosis..... | 3) 7.5 
4. Inguinal hernia............ | 3 | 7.5 
5. Varicose veins... eres 7 215.0 
6. Defective vision and hear- | 
eee | 2] 5.0 
7. Spinal curvature........... | 2] 5.0 
a re 1 2] 5.0 
ee er 2) 5.0 
Ms BONE ko cues scecsebs 1 | 2.5 
11. Glandular deficiency....... 1 | 2.5 
12. l'ractured skull....... 1 | 2.5 
13. Venereal disease...... 112.5 
14. Loss of one eye.............| 112.5 
15. Testicular tumor........... 1 | 2.5 
16. High blood pressure....... | 1 | 2.5 
17. Low blood pressure.........} 1 | 2.5 
1S. Encephalitis and sequelae..| 1 | 2.5 
Females (12): | | 
lL. Otates megin............ 2 116.7 
2. Valvular heart disease......| 2 16.7 
3. High blood pressure........} 2 |16.7 
4. Cystitis.... e | 2 !16.7 
5. Head injury................] 1] 8.3 
G. BMOCDMAIILIB. ......c.eceees 1 118.3 
A. ARR rere ' 1|8.3 
8. Defective vision—unstable | | 
nervous system..........| 1 | 8.3 
\ Q 


high blood pressure, and cystitis 
figure here. 

The experience with dispensary 
cases is interesting in that it followed 
fairly closely that of another industry 
(2) regardless of age grouping or type 
of work. Abnormal conditions oc- 
curred in the following order from the 
standpoint of greatest frequency: 
colds, headache, dysmenorrhea, lac- 
erations of fingers and hands, gastro- 
intestinal complaints, accidents other 
than those noted, skin lesions, pharyn- 
gitis and tonsillitis, eye and ear 
conditions, dental affections, and 
sprains and strains. ‘The heaviest 
dispensary work was experienced in 
the months of February, March, 
July, October, November, and De- 
cember, and was probably due to 
three factors: seasonal changes in the 
weather, increase in minor accidents 
(causing a larger number of successive 
treatments and redressings), which, 
in turn, was due largely to increased 
business (Table 5). 


PREVENTIVE PROGRAM 


Follow-Up Work.-—It is recognized 
that there is little value in careful 
examinations unless follow-up and 
correction of defects found are actu- 
ally done. After this year of ex- 
perience, an extensive but simple 
follow-up scheme is about to be 
instituted. 

Improvement of Working Conditions. 
-~—While the employees are now housed 
in a modern building and every effort 
is being made to make them com- 
fortable and efficient, there will prob- 
ably always be room for improvement. 
A consideration of the relation of the 
employee to his environment and of 








———— ad 
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TABLE 5.—DISPENSARY EXPERIENCE BY MONTHS: ACTUAL NUMBER OF 
CASES 








Abnormal Conditions 




















<i a | 
z. | < | 
| < > | 
| = ND ig TN 
| ee ae 2 mn = oe 
| ae r , vA i) ol < 
— o Zi Co on ae | f) 
| <>} on) -_ os = — al 
| > = i< me 5 5 
| ry ~ . oO o 8 = 
C) Zz. ~ > 3) -_ = > 
em a | rs pA “8, pal | = A a | nest 
: - = - < a | of » | 
= 5 c- a <) D | Be fe) | > 
kai aciaindeaeentaieas 
o _ , , | | 
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his hygienic reaction to the work is 
now under advisement. 

Health Education.—This is not the 
least important of the various phases 
of our constructive efforts. Its diffi- 
culty of accomplishment is, however, 
as great as its importance. Perhaps 
the best opportunity is presented at 
the time of examination or when 
the worker visits the dispensary for 
some indisposition. ‘These occasions 
have been used to good advantage 
but must also be supplemented by 
other methods of instruction. A plan 
is now under consideration by which a 
discussion of the principal defects 
found at examination and the common 
functional and _ pathologie disturb- 
ances in our dispensary experience 
may reach every member of the 
organization by means of printed 
pamphlets. It is hoped that this 
may later be augmented by the 
use of lantern slides and motion 
pictures. 


DISCUSSION AND PROSPECT 


The examination and dispensary 
experience of a young group of in- 
dustrial workers has been presented. 
It is probably typical of any similar 
age group in a like organization 
anywhere in the country. 

In a recent investigation, the San 
Irancisco Tuberculosis Association has 
discovered that approximately 90 per 
cent. of the pupils of the public 
schools in the region of San Francisco 
Bay leave the grade or high schools to 
enter industry direct. Because of 
this fact and also because the majority 
of the plant personnel are under the 
age of 20, two specific opportunities 
are presented: (a) possibility of check- 
ing up the efficiency of the school 
health program in districts from which 
employees are drawn (3); (6b) the 
inculeation of proper health thoughts 
and habits during the period of 
intellectual malleability. 


BIBLIOGRAPHY 


1, ParMenTER, D. C.: A Future Develop- 
ment in Industrial Hygiene. Am. 
Jour. Pub. Health, 1925, 15, 1050. 

2. Sappincton, C. O.: A. Five Years’ 
Sickness and Accident Experience in 
the Edison Electric Illuminating Com- 


Vol. 9 
No. 1 


pany of Boston. Tuts Jour., 1924, 
6, 81. 

3. Sapprinaton, C. O.: Relation between 
Health Supervision in Schools and 
Industries. Am. Jour. Pub. Health, 
1926, 16, 594. 











ee 














MOISTURE AS AN ETIOLOGIC FACTOR IN INDUSTRIAL 
INFECTIONS* 


C. W. Gorr, M.D. 


Cheney Brothers, South Manchester, Conn. 


HIS report demonstrates the 

increased incidence of infections 

of the hands and forearms of a 
group of textile operatives with re- 
lation to the presence of moisture as 
an important etiologic factor. 

In the mills from which this report 
is taken the raw silk is received in the 
form of split cocoons and frisons— 
that silk from the 
winding prceesses which is In a more 
The 


are opened and their contents are 


; ] . . 
is, the waste 


or less dirty condition. bales 


dumped into a large vat where the 
silk material is boiled with soap and 
This wet 
material is then dried in large steam 
to the next 
group of operatives, who put it through 


olive oil for a sho:t time. 


ovens and turned over 
a series of combings, during which i 
Is sprayed and handled in a shghtly 
dampened staie. During the second 
and subsequent combings and card- 
The 
third group of cperatives studied is 
Their hands 
actually wet, 
at 
this period in the preparation of silk. 


Ings more moisture is necessary. 


taken from this process. 
are continually damp or 
a condition which is necessary 
‘The second group of operatives studied 
handle 


combing 


ed from those who 
the 


was scleet 
the 


pre ICeSs, 


during first 


vex 
SlLix 


when the silk material is just 


* Received for publication June 10, 1920. 


damp enough to be workable and not 
actually wet as in the subsequent 
process. 

In the first group but two of the 
six operatives had suffered infections 
of the hands and forearms. These 
infections followed lacerations sus- 
tained during work, one progressing 
to a subacute tenosynovitis of the 
forearm and one developing an abscess 
of the forearm. Tour of the six had 
not suffered an infection that could be 
demonstrated. 

In the second group of forty-four 
operatives, there was a total of sixty 


injuries with thirty-one infections 
of the hands or forearms resulting. 


They were essentially the same in 
type as in the other groups. ‘Twenty- 
five operatives in this group had not 
suffered any demonstrable infection of 
the hands or forearms. 

In the third group of forty-one 
operatives there was a total of 151 
injuries to the hands or forearms with 
117 infections resulting, ranging in 
severity from simple infections of 
lacerations of the fingers to cellulitis 
of the hand, acute paronychia, and 
tenosynovitis of the forearm. Only 
five operatives had not sustained some 
form of infection. 

It would seem from these observa- 
tions that the incidence of infection 
of the hands and forearms is highest 


J.1. H. 
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in the third group of operatives, who 
handle the silk material in the wettest 
eondition and whose hands and fore- 
arms are subjected, therefore, to a 
continual softening with maceration. 
The first group of operatives, who 
handle the silk material directly from 
the bales and through the washing 
and drying processes, do not come in 
direct contact with the silk. They 
use applicators and gloves. Thus 
their hands and forearms are not 
in a wet condition. The second 
croup of operatives are subjected to 
some moisture but to very much 
less than are the third group. 
White (1) classifies all skin affections 
acquired in a trade as “‘trade derma- 
toses.”” He states that such affections 
exist in particular trades or occupa- 
tions which produce a lowered resist- 
ance of the skin structures and a 
diminished reactive capacity, thus 
enabling some physical or chemical 
agent to cause an unfavorable reaction. 
Potton (2) has deseribed a condition 
in the silk winders of France which 
he calls “silk winders’ dermatosis,” 
occurring on the hands and forearms 
of certain workers who wind the silk 
from the cocoon. He suggests that 
it might be due to the dead chrysalis 
with its decomposition products which 
irritate the hands of the workers and 
act together with the maceration 
processes of the water in which the 
cocoons are soaked. ‘This condition 
is a moderately severe affection, some- 
times resulting in a_ lymphangitis 
with constitutional symptoms. Val- 
lin (3) believes this condition is due 
io the presence of an acarus, a para- 
ite of the cocoon. Lehmann (4) 
has reported a skin affection in silk 
workers which results in pustules 


Ve y] Me 


NO. | 





appearing on the arms and hands, 
and is called mal des bassines. 
Much work has been done in the 
cutting trades in which saponaceous 
and oleaginous liquids are used. The 
workers suffer from a dermatosis of the 
hands and forearms with infections 
predominating. Hayhurst (5) reports 
exhaustive research along these lines. 
He calls attention to the reports of 
Purdon in Belfast in 1837, of Leloir 
in Belgium in 1889, and of Collis in 
Great Britain in 1910 in which in- 
fections of the hands and forearms of 
workers in the cutting trades appeared 
with great frequency. Dr. Collis 
believed that materials containing 
such substances as olive oil, lght 
mineral oil, turpentine, olein emul- 
sions, caustic alkalies, and phenol 
derivatives have one property in 
common—namely, that they dissolve 
or paralyze the secretion of the se- 
baceous glands, so leaving the cuticle 
open to infection. The infectious 
material may be in the form of solu- 
tions used in the trades or it may 
come from the frequent wiping of 
hands on the dirty clothing or waste 
used in some trades for cleaning 
the hands. Several investigators have 
found pyogenic organisms in the oils 
and compounds used as a lubricant 
in the cutting trades. These un- 
favorable conditions have been over- 
come by precautionary measures, as 
represented by the bulletin published 
by the National Safety Council on 
“The Prevention of Skin Troubles 
from Cutting Oils and I¢mulsions”’ (6). 
In place of the oils and emulsions 
of the cutting trade, the silk operatives 
use tap water which frequent bacterio- 
logic examinations show to be reason- 
ably free from pyogenic organisms. 
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The silk workers, of course, wipe their 
wet hands on their overalls and on 
none too clean towels and rags. Thus 
material 


source of infectious 


Their personal hygiene out of 


one 
enters. 
the mills is above the average, yet 
may furnish some source of infection. 
The silk been boiled 
prior to handling by the second and 


material has 
third groups of workers and is practi- 
eally sterile. Sticks, rollers, and ma- 
chines which are used are not steri- 
lized and may offer a constant source 
of infection though of a very low 
grade and apparently of little impor- 
tance. The possibility, as suggested 
by Potton and Vallin, that the de- 
composition products of the chrysalis 
and its accompanying parasite may 
be an irritating agent to the hands 
and forearms with infection following 
as a secondary factor is quite probable. 
This may also be one very important 
element in the delay of healing of 
infections and of simple, noninfected 
injuries to the hands and forearms, 
which has frequently been observed 
by the author. Ixershaw (7), of the 
National 


experience believes that 


Safety Council, from his 


skin infec- 
tion in similar departmental processes 
In woolen mill workers ‘‘is due to a 
weakness on the part of the individ- 
ual.”’ He no doubt 
vey the thought that the ‘‘weakness”’ 


wishes to con- 


lies essentially in the skin exposed to 
the added moisture. 





DIscussIoN 

After eliminating the _ individual 
job hazard, the figures for the three 
groups studied show that Group 3, 
with 78 per cent. of injuries infected, 
has by far the greatest proportion of 
infections of injuries to hands and 
forearms; Group 2 coming next, with 
50 per cent. infected; and Group 1 
last, with 33 per cent. infected. 

The only variable factor of practi- 
cal importance is the degree of mois- 
ture of the material and the hands of 
the workers. Welch (cited in (8)) 
‘alls attention to the now well-es- 
tablished fact that there is practi- 
cally always present in the lowest 
layers of the skin the Pyococcus albus 
(Micrococcus epidermidis). Such 
being the when moisture is 
constantly present in amount suffi- 


case, 


cient to preduce a more or less mac- 
erated the and 
forearms, the native resistance to the 
organisms present is greatly dimin- 
ished and they thrive with added vigor 
and develop all types of infectious 
manifestations. 


condition of hands 


(“ONCLUSION 


This study indicates that moisture 
must play a greater part than is 
generally realized in the production 
of infections. Its significance can 
readily be drawn from the severity of 
the found in the groups 
of operatives studied. 


infections 
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RESULTS OF REMOVAL OF DENTAL FOCAL INFECTIONS* 


R. J. DeMortrr, M.D., anp ErRNest Goutpuorn, D.D.S. 
Chicago, Ill. 


Hi causal relationship between 
chronic dental and 

certain symptoms and diseased 
conditions in other parts of the body 
has been firmly established by Billings, 


tosenow, 


infections 


others; 
yet the importance of dental infec- 
tions in the 


Price, and many 


production of chronic 
and acute systemic diseases and symp- 
toms is underestimated by physicians 
and dentists in general. There is 
scarcely a tissue or part of the body 
which has not found 


dental 


diseased 
focal 


have 


been 


’ 1 
or aameged through 


infe eto IS. ‘These infections 


been the cause of untold suffering and 


7 


disabilitv. In this connection, re- 


ports of the results of laboratory and 
clinical research work now being done 


by Dr. Price of Cleveland should be 


Studied With great care. 
ri 7 fe 7° . , 
fhe results of eradication of dental 


foci of infection reported in the paper 


here presented were obtained in an 
a ee il + ] BS MON CoO Yr? st nen ore f ‘ 
1h) MIsSirhk A CUSPels. ry Cilili¢ 0 a 


6,000 to 


cor- 
S$ OOO 
ie patients were mostly 
} 
the 


alities were represt nted. 


poration 
empioyees. 14 

} : . a . 7 
men, workmen in shops; all 


‘The 


three 


nation 


ie er . 
dental miisned 


es 
Clinic WS 
years ago, iarge 


yoruy of centistS and physicians 1n 
private practice Ta appreciate 


the resauionship between cental in- 


Po & . } : _ - 

ection ana SVstenis SVINptoms and 
rw ‘ } . ? . . 

refused to co-operate by insistence on 
* Received for publication June 18, 1926. 





the removal of the focal infection. 
It is difficult to convince the average 
patient that removal of infected teeth 
which are giving no pain will stop 
the pains of neuritis or arthritis in 
remote parts of the body. It is hard 
to convince him that his heart trouble, 
headaches, or nervous trouble may be 
related to these painless, devitalized 
teeth. In spite of our efforts to 
convince them that infected teeth 
should be removed, the large majority 
of patients seen at our dispensary do 
not follow our advice in this matter. 
A considerable number, however, have 
now been treated and records of their 
complaints and condition have been 
made. Only a part of the patients 
return for subsequent observation; In 
order to secure information as to the 
the fol- 
mailed to 


results obtained, therefore, 
lowing questionnaire was 
all who, in the past turee years, had 
had infected teeth removed for sys- 


- am 
temic alments. 


Dear Sir: 

In order that we may learn from our pa- 
tients the results of the removal of infected 
teeth on chronic ill health, 
this letter to several 


we are sending 
hundred and 
women who have had such work done at 


men 
our dispensary. If you will kindly answer 
the following questions, you will aid us in 
formulating our future policy. ‘This infor- 
mation will be kept in strict confidence. 
Please mail in the enclosed envelope. 

| ae , , vou 


had 


infected teeth removed at the Company Dis- 


some 


pensary with the hope of relieving symp- 


. 
toms ol 


J.1. H. 


Jan., 1927 
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1. Were you cured, relieved or unre- 


ee te ae Se Nay as ot. whey 
2. If cured or relieved, how soon after 
removal of infected tooth or teeth? ........ 


So eee oe oe es ne ee i i tm oe at ae we ie wy te OS ee oe a eo a oe ee eo et 


3. Have you had any recurrence of the 
game trouble since that time?.............. 
4. Do you feel that your general health 
was improved by removal of teeth?........ 


‘e652 6.8 © 4 €@ 6 6h Oe 68 ES. O66 So Oe Oe OOS ES Ee Se OS 8 Se O'S OCR 


Thanking you for this information, I 
remain 
Very truly yours, 


This letter Was sent to O30 patents. 


Replies were received from 185, or 


r 


78.1 per cent. Table 1 is a summary 


of these replies. Briefly, of 185 pa- 
tients seeking relief from various 
systemic ailments, 152, or 82.2 per 
‘ent.. were cured or relieved bv re 
Cent., were curead Or reneved by Tre- 
moval of dental infections. ‘The gen- 


1 1 ] - ° . - 2 nN 
eral health was improved in 138, o1 


74.6 per cent. 


oP 


TABLE 1.—GENERAL RESULTS OF 
QUESTIONNAIRE SENT TO 
237 PATIENTS 


_ < 

RESULTS = 7 

A eZ 

ere ere 78.1 
Cured. Aen ee ...+.| 106 57.3 
POU ce acsesivasesvess) OO 24.9 
Cured and relieved..... 7 152 82.2 
Unrelieved..... as 33 17.8 
General health improved...) 138 74.6 
General health unimproved., 47 25.4 


\mong these 185 patients, there 
ere 56 who were suffering from 
myositis, either chronic or acute: 
{) «-h,; — s2ftown f,, Ll,» , 
U who were sullering from cnronie 


hritis: 45, from neuritis: 19. from 


branin “ty ‘ ’ tT ys ad ya 
ronic stomach trouble; and _ 37, 








from various other chronic ailments 
for which no adequate cause other 
than infected teeth could be found on 
physical examination (see Table 2). 
The last group included cases of 
chronic nose and throat’ trouble, 
chronic heart and kidney disease, 
chronic bronchitis, nervous trouble, 
and headaches. 

Referring to Table 1, it will be seen 
that there were 33 patients who were 
not relieved of their systemic troubles 
after removal of infected teeth. When 
we came to analyze these cases, we 
found the following: 

Number 

of Cases 
One or two infected teeth removed, but 
infected teeth still in the mouth 
which the patients refused to have 


NS Pre ae eee eS ee ee 13 
One or more infected teeth removed, 

but no X-rays taken; in these cases, 

there may be infected teeth remaining 

in the mouth......... éanviakheses FF 
Died later of cancer of the stomach 

which removal of teeth could not 

TE Te ee ere Tr ee ee re 2 
Died later of pernicious anemia........ l 


Chronic infection of the nasal sinus.... 1 

Chronic infection of the middle ear..... | 

Chronic stomach trouble; one was not 
relieved; one was cured, but had med- 
ical treatment and special diet, so it 
was impossible to give credit to removal 


OF imiected teeth. .... 0 iccccccess a we 
Old injury to the arm............. ime 
Pain in the lower part of the back which 

started with a heavy lift.... l 


General nervous trouble of three years’ 
er el re Lena as l 

Sciatic rheumatism: teeth removed 
Dee. 5, 1925; returned to work Dec. 30, 
LY25 Dae aneie eee nk PO l 

Neuritis of several weeks’ standing; no 
infected teeth removed until about 
three months after first advised to 


do so; was relieved temporarily.... 

Chronic bronchitis of several vears’ 
standing............. Pit a ee 
33 





a ae 
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ret eae a} alin ; ‘ 7 ad) e | 4 . ° M i . ] ‘ ‘ ; J . «4 , 
if we eliminate 25 of the foregoing troubles. In spite of the good show- 


cases in which favorable results could ing of our results and of those of 
TABLE 2.—RESULTS OF REMOVAL OF DENTAL FOCAL INFECTIONS ON 
CHRONIC SYSTEMIC AILMENTS AMONG 185 PATIENTS WHO 
ANSWERED QUESTIONNAIRE 


AVER- GENERAL 
RESULTS AGE RECURRENCES HEALTH 
TIME IMPROVED 


_ 
No. v/ yd | No. , No. é 


Myositis (30): 
Cured..... ee ar rr 19 52.8 5/— l 5.3 19 100.0 
cc erans Wakes baatees 7 19.4 | —/11 5 71.4 6 85.7 
Unrelieved. oes eee 10 co 2 er os ete 0 0.0 
Arthritis (50): 
Cured......... Aes B64 28 56.0 2/— 0 vee 24 S5.7 
Relieved. ........ eee 16 32.0 | —/39 13 81.2 13 81.2 
Unrelieved. . ee PT eerT ee re 6 > 2 ee a fae ] 16.7 
Neurilis (43): | 
Cured... a 95 58.1 | —/20 0 ee 94 96.0 
Relieved Spee re 12 27.9 7/— 1] 91.7 10 83.3 
Unrelieved. ... errr ere ) _:. ee apy l 16.7 
Chronic Stomach Trouble (19): 
(‘ured..... Pare ere ee 8 42.1 | —/40 0 0.0 S 100.0 
Relieved ; Pee Pree rer 5 26.3 | —/40 4 SO.0 4 80.0 
Unrelieved. ¥ | ena 6 31.6 Ae = ee l 16.7 
Other Chronic Diseases (87) 
Cured....... eke Nace wht 25 67.6 | —/25 Ss eas 24 96.0 
Releved Wee verre 6 16.2 | —/40 2 33.0 6 100 0 
Unrelieved. . Pe Aen aaa 6 = § eee - 2 33.3 


hardly be expected, the percentage others, it is well to avoid becoming too 


ig 
either cured or relheved was 93.8. radical on this subject. There are 

We realize that the number of other focal infections besides those 
eases covered by this report is small that oceur in the teeth. Each pa- 
and that no general conclusions should tient presenting symptoms which may 
be drawn from them. ‘The symptoms arise from infected teeth should be 
which brought some of these patients given a thorough examination so that 
to the doctor might have disappeared, all reasonable information may be at 
at least temporarily, if the infected hand on which to base an opinion as 
teeth had not been removed. The to the cause of the trouble. But the 
percentage of cases cured or relieved teeth are known to be the most fre- 
is so high, however, that we feel justi- quent offenders, and education among 
fied in presenting the report for what the professions and the laity is needed 
it is worth. Our results seem to to eliminate as far as possible this 
emphasize the importance of dental very common source of always trouble- 


infections as the cause of systemic some and sometimes grave systemic 


im! | o 
Jan., 1927 











disorders. 


should be used. 

should be remembered that the 
th with the large area of bone 

arefaction about its root is not the 


| 


it 


‘ 





discouraged. 


vf 


connection, 
yrevention of dental caries and the 
conservation of the healthy dental 
pulp are the all-important objectives. 
The filling of devitalized teeth should 
Where it is deemed 
necessary to remove the dental pulp, 
technic 
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most dangerous one from the stand- 
point of systemic trouble. Devital- 
ized teeth with no bone absorption 
about their roots or with sclerosis of 
the bone are more likely to be the 
guilty ones. It has been proved 
that badly decayed teeth which are 
still vital may have infected pulps and 
act as foci of infection producing 
systemic trouble. Pyorrheal pockets 
are often responsible for similar sys- 
temic ailments. 











MASKS AND RESPIRATORS FOR PROTECTION AGAINST DUSTS 
AND FUMES* 


J. B. Barreto, Purip DRINKER, JANE L. FINN, AND R. M. TuHomson 


Department of Ventilation and Illumination, 
Harvard School of Public Health, Boston, Mass. 


INTRODUCTION 


N MANY industrial operations, 
the liberation into the air of harm- 
ful dusts cannot be 

avoided, although conditions can often 


and fumes 


be improved by general ventilation, by 
local exhaust ventilation, by turbulent 
air currents, or by the watering and 
(1). 


with these precautions, the concen- 


spraying of dusty places Kiven 
tration of the dust remaining in the 
air may still be dangerous. 

In the case of toxic and irrespirable 
gases, where the systemic effects of 
inhalation are rapid, the need for 
protection 


is generally recognized, 


and suitable gas masks, oxygen 
breathing apparatus, or hose masks 
(2) are available. Where dusts and 
fumes are concerned, it is much more 
difficult to in pro- 
tective devices, since the deleterious 
of 


apparent 


arouse interest 


effect inhalation often becomes 


only after repeated expo- 
sure—sometimes after a few weeks and 
sometimes after as many years. 

This paper, therefore, will be con- 


eo ] 
masKxs and 


cerned with respirators 


designed for daily protection against 


the inhalation of dust and fume 
- } 
particies. 
* Received for publication Aug. 16, 1926. 


Dusts, FUMES, AND SMOKES DEFINED 


Any attempt to classify suspen- 
sions of particulate matter in air in 
terms of the size of the particles is 
necessarily the 
tinction the various classes 
is never sharply drawn. 


arbitrary and dis- 
between 
lor the sake 
of convenience, however, we shall use 
the 
described in a 

Dusts.—By 
divided solid particles ranging in size 
from less than 1 micron up to 150 
microns, with the median size falling 
below 10 microns. 


following three broad classes, 
previous paper (3): 


dusts, we mean finely 


In industry, dust 
clouds coming within this classifica- 
tion are formed by operations such 
as grinding, crushing, drilling, and 
blasting. 

Fumes.—Fumes signify liquid 
solid particles from about 0.2 to | 
micron in diameter formed by physico- 
chemical reactions such distilla- 
tion, and combustion. 
ammonium chloride, lead, 


and the like ean be pro- 


OT 


as 
condensation, 
Acid mists, 
zine oxide, 
dueed in the form of fumes. 
To 


(4). smokes mean ‘‘aerosols”’ 


Smokes. the colloid chemist 
consist- 
ing of particies of ultramicroscopic di 
(0.001 to 0.1 


our purposes, we shall take smokes 


mensions micron). lor 


to mean the liquid or solid particles 

















1ely 
size 
150 
ling 
lust 
1¢ea- 
uch 
and 


Or 


1¢0- 
illa- 
ion. 
aad, 
pro- 
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hout 0.38 micron or less in diameter) 

hich are the products of incomplete 

ynbustion of carbonaceous matter 
for instance, gas, oil or lamp 


aeks: tobacco, wood. Or eonl smokes. 


IXCIPLES OF THE GAs MASK AND 
OF THE Mask ror Dusts 
AND FUMES 


(ias masks are designed to absorb 
all amounts of toxie gases. The 
emicals whieh accomplish this ab- 
rption are usually in the form of 
anules about 8 mm. in diameter, 


rranged in one or more lavers a few 


ntimeters deep. Owing to the mu- 


ial affinity of these granules and 


re gas molecules and to the inees- 


nt kinetic molecular motion of the 
tter, a high absorption efficiency is 
tained with little inereased resist- 
ce to breathing. Most gas masks 
e also provided with felted filters at 


e entrance to the canister or between 


elavers of chemicals within. These 
ters have a small cross-sectional 
ea, usually about 65 sq. em., and 
held tightly in place, so that 
ere Is no appreciable leakage. Gas 
sk filters can be made very efficient 
dust, fume, and smoke removers, 
their area is insufficient for long- 
ntinued use, because resistance to 
eathing becomes too great. More- 
er, the chemicals which are essen- 
| for gas removal add materially 
the weight of the mask, inerease its 
t, and do little service against 
sts and fumes. 
\ different method, then, must be 
d for eatehing particulate sub- 
nees. ‘Their only real analogy to 
molecules is their brownian move- 


nt, which is insignificant compared 


with the motion of gas molecules. 
Particles suspended in air can be 
caught either by filtration or by vio- 
lent impingement against a suitable 
collecting plate, as in electric precipi- 
tation (5). Of the two, the filtration 
method is better adapted for use in 
masks. 

The most practical and efficient 
filters for protection against war 
smokes and fumes are those made of 
fibrous materials like cotton, wool, or 
pulp. The fibers of such materials 
intermesh, giving felt-like substances 
through which the air passages are 
tortuous and small, although not 
so small that the resistance to breath- 
ing becomes prohibitive. 


Various Masks DESCRIBED 


United States Army Mask, Model 1919 


The canister of the model 1919 
United States Army gas mask (6) 
eontains a filter whose total area is 
about 460 sq. em. This filter is very 
effeetive and will cateh suspensions 
as fine as tobaeco smoke, but it is 
not available for industrial use. lor 
Our purposes, it serves as a convenient 
standard for comparison with various 
Industrial masks. 


Pig Snout Re sprrators 


In the commonest dust mask, the 
pig snout respirator (lig. 1), eireular 
pads of felted cotton, filter papers, 
or sponges are used as filters. The 
thickness of the pads and papers 
may be varied according to need. 
The papers are used dry, the sponges 
usually wet, and the pads either 
wet or dry. All three types of mask 


are cheap and the filters are easily 








ee 
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felted 
filters are smalk in 


replaced. Since the cotton 


and paper area, 


they become plugged with the filtered 





hia. | Pi ShHoutl respirator with cotton 
pad filter and rubber flap expiration valve 
Sadd type). The filter pads are reentorced 
with fine gauze on each side. Respirators 
with sponge and paper filter are constructed 
In practically the same way. The body of 
the respirator shown Is nade Ql stamped 
aluminium andis covered at the points ot 


facial contaet with an inflatable rubber 
cushion 
particles and must he frequently 


renewed, 

The pig snout respirator can be 
obtained with or without goggles at- 
tached. It is 


simple, inexpensive, 


and fairly comfortable. 


Barre [| Dust Moask 


lt was pointed Out hy lieldner 1) 


thet 


dust masks eould be 


filters 


effective 
rather 
The 


and o>) 


made ot which were 


dense and large in surface area. 


Burrell dust mask (Figs. 2 
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is a comparatively industria 


new 
mask embodying this prineiple. Thi 


. 


\ lie. a) 


effective filtering area 









ee 


hia. 2.—The Burrell dust mask wit! 
Kops headpiece and noncollapsible tubing 








The Burrell dust mask shown 


ia. 3. 
eonstruction with corrugated wire mesh 
prevent collapse on inhaling. 


about S40 sq. em., both sides Servil 


as filters. These filters are ree 
foreed within by a thin sheet of co 
rugated wire netting, which preven 


collapse on inhaling, and are cover 

















: 
. 











DUST MASKS AND RESPIRATORS 29 


with a coarse canvas bag perforated 
with several holes through which the 
air enters. Between the cover and 
the filters there are also sheets of cor- 
rugated wire netting. The filters 
are used with a gas mask facepiece 
(IXops type) and noncollapsible tubing 
containing a metal inlet valve (Tis- 
sot type) and having a rubber flap 
outlet valve (Sadd type) (Fig. 2). 
If the filters become plugged from use, 
they ean be cleaned off by blowing 
compressed air into the threaded 
junction shown in Figure 3. 

This mask affords excellent pro- 
tection against dust and against a 
ereat many fumes; it removes a fine 
smoke such as tobacco at efficiencies 
of over 8O per cent.; and, because of 
its large area, it has a low resistance 
to breathing and very little tendency 
to plug on long usage. It is adapted 
to the severest sort of use—protec- 
tion during sand blasting, for example 

but it 1s more efficient than need 
be for many industrial dust hazards, 
and, like the gas mask, it is expensive. 


Cotton Fabric Masks 


In the industrial process of col- 
lecting zine oxide fume, bag: filters 
made of coarse and heavy cotton 
are sometimes used. Some fume 
passes through these bags at first, 
but after a few minutes the surface 
meshes of the fabric become plugged 
by the fume and the efficiency in- 
creases to practically 100 per cent. 
S). From then on, the bags are 
cileetive and need no further atten- 
tion until enough material has ac- 


cumulated on the inner surface to 


make the resistance to air flow pro- 


} . ; ris rm 1 . a 
hibitive. The fume is then shut off, 


the bags are shaken, the collected 
material removed, and the cycle of 
operations repeated. 

Cheap and satisfactory dust and 
fume masks can be made by using 
this bag filter principle. Masks with 
a filtering area as great as 1,300 sq. 
em. can be made of two layers of 
coarse muslin folded over a_ corru- 
gated wire mesh and sewn tight at 
the seams. A breathing tube is in- 
serted into the muslin and the addi- 
tion of a suitable headpiece, tubing, 
and escape valve completes the equip- 
ment. As in the Burrell dust mask 
(lig. 2), it is best to use a cover to 
keep the fabric from being torn and 
the accumulated dust from being 
brushed off. Masks of this particu- 
lar type have not, as yet, been used 
in industry. Until they have been 
tried under actual industrial condi- 
tions, they should be considered as 
merely experimental and, with that 
limitation in mind, we shall refer to 
them frequently in this paper. 


Headpieces and Accessories 


It requires a very dangerous hazard 
to convince one that the complete 
gas mask headpiece (lig. 2) and 
accessories are necessary for protec- 
tion against the common industrial 
dusts and fumes. This equipment 
is hot and uncomfortable, particu- 
larly if the wearer is exercising vigor- 
ously. Furthermore, it impairs vision, 
and, for that reason alone, its appli- 
cation is limited to extreme condi- 
tions and to use by trained and intel- 
ligent wearers. Other forms of head- 
pieces, to which canisters are screwed 
ata point just below the chin, are now 
avallable. There are also certain 





ee 
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other modifications made of molded 
rubber in one piece, but they, too, 
are uncomfortable. For dust masks, 
they offer simplification over the 
Kops headpiece, in that they omit the 
flexible tubing which connects the 
filters or canisters to the facepiece. 
The facepiece of the better type of 
pig snout respirator is provided with 
replaceable, inflatable rubber linings, 


which are attached to a stamped 


metal (aluminium) frame made to 
fit the average face. In metabolism 
work and in resuscitation appara- 


tus (oxygen-carbon dioxide process), 
molded  facepieces — of 


flexible rubber are used.! 


soft heavy 
Kither this 
the inflatable rubber type 
will suffiee for most industrial dusts 
If protective goggles are 


type or 


or fumes. 
necessary, they can be worn separate- 
ly, or the facepiece may be obtained 
with goggles attached. 

the rubber 
or the disk (Tissot) type 


Iixpiration valves. of 
flap (Sadd) 
are provided with the pig snout face- 
the 


tubing usually used in 


pieces. Inspiration valves and 
flexible rubber 
are omitted. 


the 


‘ ‘ ‘ ¥] ’ 
Pas MASKS 


‘These omis- 


- 7 
SLORS 


simplify 


equipment and 
make it much cheaper than that 
required for gas masks. On the 


other hand, the expiration valves of 
pig snout respirators are apt to leak 
badly. 


TEST SUSPENSIONS 


Differences in Disp rsion 


Tobacco Smoke-—Tobaeceo smoke is 
a convenient suspension for testing 
1 These were found satisfactory in the 


United States Navy Yard, Philadel- 
phia, where a serious lead fume hazard oc- 


masks and filters (10). It can be 
made very easily and it gives particles 
about 0.27 micron in diameter, with a 
rariation of approximately 2 per cent. 
(11). Suspensions of tobacco smoke 
are harder to catch than those of the 
dusts or fumes commonly encountered 
in industry. A mask which catches 
tobacco smoke particles, then, can 
generally be relied upon to catch the 
coarser particles of dusts or fumes. 

Dr. R. L. Sebastian® (12) has 
pointed out to us the following ob- 
jections to the use of this suspension: 
“Tobacco smoke is a liquid smoke 
and affects the filter in an entirely 
different manner than solid smokes. 
While using solid smokes, the effi- 
ciency increases as the filter is used, 
with tobacco smoke the reverse is 
the case and the filter deteriorates 
with use. ‘hus prolonged exposure 
to tobacco smoke depending upon 
the texture of the filter and concen- 
tration of the smoke will give entirely 
different results than if the same filter 
is tested with a solid smoke of the 
same particle size and concentration.”’ 

We have encountered these same 
difficulties when using tobacco smoke 
for long tests; for very brief tests on 
industrial masks, however, we have 
found it satisfactory. 

Fumes.—A fume which can _ be 
generated without difficulty in the 
laboratory is zine oxide. It is pro- 
duced by the ignition of about 1 part 
of potassium chlorate with 4 parts of 
zinc powder (commercial ‘‘blue pow- 
der’). Although the resulting sus- 


curred (9). The nature of this problem, 

however, made hose masks (2) more suitabl 

than any gas or dust masks available. 
Chemical Warfare Service, Edgewood 


Arsenal, Md. 
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secOnG GUST, cle signated as bag dust, 
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yension contains potassium chloride, 
potassium chlorate, and unburned 
“ine as well as zine oxide, the system 
seems to possess the essential physi- 
eal characteristics of pure, freshly 
burned zine oxide fume. The parti- 
cles are under 1 micron in size and 
are fairly uniform. 

A finely divided magnesium oxide 
‘ume can also be made by burning 
angnesium ribbon. This fume pos- 
sagses the great advantage of being 
asily determined chemically by titra- 
ion with 0.1 N acids and alkalies. 

Dusts.—l'wo different dusts were 
ised in this investigation. The first, 


; . y ley + wy 1 ] 
jilica, is a finely ground product 


? 


supplied by the Corning Glass Works. 
he particles range in size from about 
micron to over 30 microns, with 
median size falling between ap- 


The 


‘% 


; collected by bag filters in the metal- 


urgic plant of the New Jersey Zinc 


ompany at Franklin, N. J. This 
ust contains at least five minerals, 
is reasonably constant in composi- 
ion, and it gives smaller and more 


uniform particles than our silica. 


v7 
i 


these two suspensions, the bag 
ust is the harder to catch both in 
ust masks and in respirators. 

in a recent paper by Katz, Smith, 
nd Meiter (13) on the efficiencies of 


respirators, a special type of silica 
known by the trade name of “silica 
smoke’’* was used. Our examination 


nis material is in agreement with 
itz finding that the particles are 
OT] 1 


1 micron in diameter—con- 


" ] _ 1? 1 : 1° 
ably less than the median size 


‘1 mye 


wade by the Eureka Flint and Spar 
Mmpany, Trenton, N. JJ. 


of our silica or bag dust particles. 
Consequently, the silica suspensions 
used by Katz are probably harder 
to catch than the dusts that we used. 
Our zine oxides, on the other hand, 


are more finely divided than Katz’ 
silica.4 


Comparative Plugging Properties 


‘7 


In addition to differences in dis- 
persion between these test suspen- 
sions, we must consider their respec- 
tive tendencies to plug up the passages 
in the filters of the masks. 

Tobacco Smole.—As_ has already 
been pointed out, filters deteriorate 
from treatment with tobacco smoke, 
probably because of its oily nature, 
and consequently it cannot be used for 
plugging purposes. 

Fumes.—lTumes like zine oxide are 
quite dry and, if freshly formed, 
consist of particles with a_ strong 
tendency to aggregate and to increase 
somewhat in size. The extent to 
which aggregation occurs has been 
studied by Wells and Gerke (11); 
it is shown photographically by Whyt- 
law-Gray, Speakman, and Campbell 
(15); and it is discussed by Gibbs 
(4, p. 91). The practical significance 
of the aggregation of fume particles 
is that masks originally inefficient 
against tobacco smoke can be made 
efficient by drawing through them 
freshly formed fumes like zinc, mag- 
nesium, and aluminium oxides. After 
these fumes have remained in the air 
for a few hours, their ability to plug 
filters is greatly reduced. If the 


plugging process is to be used in order 


‘We have civen elsewhere (14) the ecom- 


parative stability of the various test sus- 
pensions used, 
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to increase the efficiency of masks, 
therefore, it should be applied soon 
after the fume clouds have been 
formed, so that the particles will 
aggregate on the surface of the masks 
and not in the air before they reach 
the masks. 

It should not be inferred that eff- 
cient plugging can be obtained with 
all types of fumes. When a fume 
shows little tendency to aggregate 
and its stability is not very much 
affected by turbulent air motion (1), 
its power to plug inefficient masks 
appears to be slight. Take, for ex- 
ample, lead bromide fume made by 
burning lead tetraethyl, ethyl bromide, 
and gasoline in a plumber’s torch. 
Small amounts of this fume® at both 
high and low concentrations passed 
through all the masks that we have 
tested except the Army model 1919. 
We attempted to plug both the Bur- 
rel] our experimental cotton 
masks with this fume, but without 
success; vet both these masks could 
be made to eatech lead fume, even in 
low concentrations, if they were first 
plugged with high concentrations of 
freshly formed zine oxide fume. 

Dusts. 
ticles like our silica will plug masks, 
but not by any means so effectively 
or so permanently as the much finer 
suspensions of fumes which have a 
tendency to aggregate. Filtering ef- 
most industrial masks 
increase very rapidly, however, after 
a few minutes’ treatment with a dust 
like silica. This effect is, of course, 
greater with high than with low dust 
concentrations. 


and 


Dusts made of ground par- 


ficiencies of 


‘ This contains some carbonaceous smoke 
in addition to the lead fume. 


DETERMINING FILTERING EFFICIEN- 
CIES OF Dust AND FUME MASKs 


Tyndallmeter Method 


The filtering efficiency of masks is 
determined by measuring the con- 
centration of suspensions entering (a) 
and leaving (b) the masks. In per- 
centage, the filtering efficiency is then 
(1 — b/a) x 100. The quantities 
a and b can be determined by measure- 
ments of concentrations—by electric 
precipitator, for instance, or by 
measuring the Tyndall effects in terms 
of arbitrary standards. Of the two, 
the former is the more sensitive, but 
the latter is much simpler, quicker, 
and more practical. 

The United States Bureau of Mines 
compares the Tyndall effects (10) 
(16, p. 169) of the air entering and 
leaving the mask under examination. 
(The actual concentration need not 
be known.) In this method, 1,500 
c.c. a minute of the suspension drawn 
through the mask passes. through 
the Tyndall apparatus. 

Instead of the Bureau of Mines 
Tyndall test, we prefer to use Tolman 
and Vliet’s Tyndallmeter (14). With 
this apparatus, the concentration of 
the suspension entering or leaving the 
mask is measured photometrically in 
terms of the light reflected or scattered 
in the Tyndall beam—we do not 
match two Tyndall beams. 

The two methods give about equally 
rapid results; the sensitivity of the 
Bureau’s method is perhaps greater 
than ours with feeble Tyndall beams 
(efficient masks); whereas ours is prob- 
ably more sensitive than theirs with 
strong beams (inefficient masks). We 
have the advantage of using the en- 
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tire amount of air flowing through the 
mask under examination and they use 
only a small fraction. On the other 
hand, our method requires that the 
initial concentration be known and 
theirs does not. Both methods re- 
quire frequent cleaning of the cham- 
bers in which the Tyndall beams are 
viewed. Neither method gives reli- 
able results if the masks are more than 
about 97 per cent. efficient, but that 
is accurate enough for our purposes. 
Where higher efficiencies are desired, 
the electric precipitator can be used. 

Unless a test suspension is optically 
very dense, the relation between 
Tyndallmeter readings and concen- 
tration (in terms of numbers of parti- 
cles or of weights of material per unit 
volume of air) is approximately linear. 
Under these conditions, it is within 
the limits of experimental error to 
assume that Tyndallmeter readings 
give a true index of concentration. 
It should, however, be remembered 
that the color of the particles, their 
size, and their dispersion all exert 
important and measurable effects on 
the strength of the Tyndall beam. 
Therefore, equal Tyndall readings on 
suspensions of different substances— 
or even of the same substance-——do not 
necessarily signify equal concentra- 
tions.® 

As the result of investigations for 
the origin of which the Bureau of 
Mines was largely responsible, 85 
liters a minute was determined upon 
as a safe maximum test rate for gas 
masks (10). 

A man of average size, seated and 
engaged in light exercise, breathes 


° The significance of these differences we 
have discussed elsewhere (14). 
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about 8 to 12 liters a minute; stand- 
ing and exercising moderately, his 
minute-volume may increase to 15 
to 20 liters; exercising vigorously, it 
may reach 380 to 40 liters. Whether 
or not he is exercising, out of each 
minute he spends something less 
than half in inspiring; the remainder 
is taken up with expiration and with 
a certain interval of rest between 
inspiration and expiration. In vigor- 
ous exercise, this interval practically 
disappears; but for men at rest or 
exercising moderately, it is usually 
appreciable. 

The resistance to inspiration and 
the filtering efficiency must be esti- 
mated in terms of the inspiratory 
rate—-something more than double 
the rate indicated by the miunute- 
volume—not simply against the rate 
indicated by the minute-volume. We 
have tested filtering efficiencies and 
resistances, therefore, at 50 liters a 
minute (as the maximum inspiratory 
rate for moderate exercise) and at 
85 liters (as the maximum for vigor- 
ous exercise). 

Our procedure for testing the filter- 
ing efficiency of a mask by Tyndall- 
meter is as follows: The test sus- 
pension is set up in a 1,600 cubic 
foot gas tight cabinet (17), to an out- 
let of which the Tyndallmeter is at- 
tached. A vacuum pump within the 
cabinet, but controlled from without, 
draws the air from the cabinet through 
the Tyndallmeter and back again 
into the cabinet. A flowmeter is 
placed in the pipe line, so that the 
volume of air flowing through the 
Tyndallmeter can be read and con- 
trolled. One observer, wearing a 
mask, remains inside the cabinet and 
attaches masks to the entrance of 
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the Tyndallmeter as the observer out- 
side the cabinet directs. Before tests 
of masks are started and at intervals 














saseiecaaenidenpeieelintinnaneadnettl 
y Oy, 
Q)) 9 
=s go— \ Ay A 
p. ny --— 
a a ‘ Lf 

~~ . mA , ZA 
» Wes Q yo 
~ \ PL) 
r % ff 
8 XY my A a 
6 aT ie | AK 
mel Ae y 
( 7 va 
- a 
v m YY 
“4 &T” ™~ 

| | pe 

iviacstateal ale sou? ee 

: Ae, 
4 ys r 
I'ta. 4.—Settling curves of suspensions 

used in tests of respirators and masks. 


tobacco smoke and curve Bb is 

Cireles represent points which 
slope of the curves; cross lines 
represent points, determined by stop watch, 
at which the respirators were tested. 


(Curve A is 
silica dust 


Bad : . 
Geverimin 


the 
determined. 


between tests, setthng curve 
l'rom. this 
curve, the coneentrations in terms of 


Tyndall effeet 


( hig. 4) 1s 


can be interpolated 
for any desired time during the series 
of mask tests. 


ffect of Leakage 


[In masks such as the Army model 
1919, the Burrell mask, and 
our experimental cotton variety, the 
construction 


dust 


prevents leakage—the 
filters may not be highly efficient, but 
all the test suspension passes through 
the filters and none leaks around the 
suflicient to 
the 
noncollapsible 
tubing by attaching the filters directly 
to the Tyndallmeter. 


edges. ‘Therefore it is 


test 
mask 


without 
and 


these filters gag 


headpiece 


‘The pig snout 

around the 
edge of the filters and through the 
expiration valves. In 


respirators often leak 


order to ap- 


proximate the conditions under which 


the pig snout respirators are worn, 
we removed the inflatable rubber 
which fits around the respirator and 
against the face of the wearer. We 
then pulled one end of a large rubber 
tube over the respirator and attached 
the other end to the yndallmeter. 
In this way, our tests took into ac- 
count whatever leakage there might 
be around the filter pads or through 
the expiration valves. In one pig 
snout respirator, sponge type, the 
expiration valve leaked so badly that 
it was necessary to block it off and 
test only the sponge and its holder. 


This test gave, therefore, the dus' 
filtering power of the sponge, but 


not that of the entire respirator. 

Where leakage of this sort occurs, 
or where the filters themselves permit 
perceptible amounts of the suspen- 
sion to pass through—and both these 
defects are commonly found in indus- 
trial masks—we have found that the 
efficiency of the mask may vary with 
the rate of air flow. Dr. Sebastian 
(12) writes us of his experience, pos- 
sibly with the more efficient type of 
mask used in chemical warfare: 
” we have found in our work 
that the efficiency [of a filter] is 
independent of the rate of flow. 
The per cent. penetration is always 
the same regardless of the rate of 
flow.” 

The extent to which leakage around 
the filters of the pig snout masks 
occurs is shown by a comparison of 
the filtering efficiencies of the pig 
snout 


respirators Nos. 1, 2, and 3 


(Table 1) with those of the Burrell an: 


cotton masks. ‘The tobaceo smoke 
efficiencies of the latter (Column 


LV) inereased as the rate of air flow 


was decreased. In the three pig 
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snouts, the reverse was true. More- 
over, the sponge respirators were 
apparently a little more effective 
wet than dry; and the cotton pad 
type (No. 3) seemed to work some- 
what better dry than wet. ‘This 
behavior of the pig snouts may have 
been due to the fact that either high 
rates of air flow or the wetting of the 
sponges in the sponge types caused 
the filters to squeeze up against the 
supporting frames of the respirators, 
thus reducing the leakage around the 
edges of the filter and decreasing the 
size of its voids. In the pig snout 
No. 4 (filter paper), the general con- 
struction and method of holding the 
filter were so successful that leakage 
was slight. In regard to the number 
of layers of filter paper recommended, 
the manufacturers advised using as 
many papers as the wearer can breathe 
through comfortably, and this is 
indeed the most practical direction 
since filter papers may differ very 
much in texture. 

Although at present no pig snout 
respirators are equipped with any 
but small, cheap, replaceable filters, 
there is no reason why large, efficient 
filters of light weight cannot be sub- 
stituted. Probably no improvement 
in the filters themselves, however, will 
be effective until some better method 
has been devised to prevent leakage 
around the edges. 

After a mask has been tested for 
leakage through and around the filter, 
there still remains the possibility of 
leakage at the facepiece. As a final 
test of the entire mask, it is recom- 
mended that the mask be worn in an 
atmosphere containing a black, phys- 
iologically inert suspension like lamp 
black or powdered soft coal. If the 


Vol, 9 
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mask is inefficient, traces of biaek in 
the nasal discharge or in the sputum 
of the wearer will soon be evident. 
Masks which protect against lamp 
black or powdered coal, both of which 
consist of very small particles, can 
be safely used against the dusts com- 
monly encountered in industry. 


Data on Comparative Tests 


In Tables 1 and 2 are given the 
data from our tests on masks and 
respirators: the effective filtering 
areas, the rates of air flow at which 
the tests were made, the initial resist- 
ances, ‘T'yndallmeter efficiencies, and 
the effect of plugging with zine oxide 
fume. 

A comparison between the filtering 
efficiencies for zine oxide and for 
tobacco smoke shows that the smoke 
test is the more rigorous of the two. 
The efficiency of our new experimen- 
tal cotton masks (Table 1, Column 
IV) was only 22 per cent. against 
tobacco smoke; after treatment for 
seventy-five seconds with zine oxide 
fume drawn through at 85 liters a 
minute, the efficiency rose to over 97 
per cent. against zine oxide. ‘The 
same mask was then tested imme- 
diately against tobacco smoke and 
caught only 66 per cent. (Table 2, 
Column I). It was then plugged 
for fifty-four minutes with zine oxide 
fume (Table 2, Columns III and IV) 
and the tobacco smoke efficiency rose 
to 93 per cent., which seemed to be 
about the maximum attainable with 
the fabric we used. 

Both cotton and Burrell masks 
were tested against tobacco smoke 
before plugging with zine oxide, im- 
mediately after plugging, and then 
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TABLE 


Filter of U. S. Army model 1919. 


Burrell, 


Iixperimental cotton 
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—FILTERING EFFICIENCIES AND RESISTANCES OF MASKS AND 


Type of Mask 


Pig snout *1 
wet. 
Sponge 
9 
Pig snout *2 
wet. 
Sponge - 
dry.... 
Pig snout *3 
wet 
Pad ; 
dry. 
Pig snout x4 


Milter 
paper 


) 


- papers 


$ papers. 


6 papers.. 


I 


II 


Effective 


liltering 


Area 


sq.cm. 


469 


840 


1,290 


20 


45 


Air 


l. per 


min. 
S5 
70 
50 


85 
70 
50 
85 
70 
50 


85 
‘50 


So 


90 


SO 
)50 
{85 
\50 


(1; 
50 


So) 
50 


"85 
O00 
85 
50 
‘on 
30 


Flow 


| I 


| Silica tests on pig snouts are approximate as it was impossible 
rapid increase in efficiency. 


lyndall Efficiency 


II against 
Resist- | IV | V 
ance | Tobacco | Silic 
Smoke | *~ se 
mm. HO % | g 
36 >97 >97 
30 | >97 
21 | >97 >97 
7.6 | 82 >97 
5.8 85 
3.8 SS >97 
iy 22 69 
1.9 25 
1.1 31 71 
37 4] 97 | 
18 15 92) 
93 31 89 
| WZ 15 72. 
| | 
P| - 
5.8 10 16) 
3.0 7 | #64 
5.¢ 3 67 
2.5 3 49/ 
56 44 >97\ 
28 39 96 
30 53 >97\ 
18 39 92 
6.9 5 86 
3.0 5 62 | 
10.2 7 97 
4.7 13 SS 
9 7 S Q4 
4 6 14 S9 
to prevent plugging and 
a 
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r standing In room air fora num- efficiency in order to show no traces 
of davs. The average final to- of zine oxide by precipitator. 


ABLE 2. EFFECT OF PLUGGING WHITH ZINC ONIDE ON EREICIENCTES 
\ND RESISTANCES OF ATASKS AND RESPIRATORS 


rr ‘ " lnerease 11) Resistance 
Pobsaceo Smoke : : mat 
eer pig Caused by ZnO Plugging at 


SO LL. per Mian. for 


| | | It] lV \ Vi 
Pliugeed Plugged 
Pype ot Mask until until 
No ZnO No ZnO Plueved 
Passed Passed od ' 
‘ i . ; a ; 
through through \lin- ot Nin r t\lin 4 Nin 
lyy hy utes res utes utes 
\ io 
Tyndall- Precipi- 
meter tator 
hid Shidti Aridii 
HO Ho) H1.0 
S. Army model TOTO. normal 
A 4 Q; 7 ie 36 
Ss. Armv model 1O19, halt size 17S! 
rrell, normal siz VI ) \7 2S 4 20 
ell. half size 3a)" 
perimental cotton tt) ()) ()*3 1s ».& 
Out es My) 
74+ (50 | 


yo q min 


Both U.S. Army masks were plugged at the same time, and both Burrell masks, 
(‘otton mask usually has lower resistance than Burrell 


| stimated., 


ceo smoke efficiencies in all cases ligure 5 shows the dust filtering 
a little below those obtained efhicieney of a pig snout cotton filter 
nediately after plugging, indieat- pad (not the entire respirator as 
that the filtering efficieney of the ordinarily worn). One-half of the 


ie coating may change somewhat photograph represents the “bag dust’ 
standing. In the air entering the filter pad; the 
able 2 (Columns I and IT) gives other half, the dust caught on a 
pproximate idea of the sensitivity celluloid foil of an eleetrie preeipi- 
tests by ‘Tyndallmeter and by tator (1S) after having been drawn 
tric) preeipitator. An experi- through the filter pad. Both were 
tal cotton mask which gave no made at the same time and under 
lall reading on zine oxide showed — identical conditions. Samples from 
lectric precipitator that traces of — the same places on each of the two 
oxide passed through, and the — foils were fastened with amyl acetate 
ks had to be plugged (with zine to microscopic slides, mounted — in 


toa 92 per cent. tobacco smoke dammar dissolved in’ xylol, sealed 
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with a cover slip, and 250° particles 


on eneh shde mensured with a filar 


micrometer, using a 4',-ineh oil im- 
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PIG. 3 Precipitates of “bag dust’’ (see 
hie. 6) caught on the celluloid foil of an 
eleetrie precipitator (3) (IS). korl on left 
represents dust in air: foil on right, dust 
which through respirator pad 
Samples were taken simultaneously at the 
Sammie rates, 


passed 


mersion objective. The resulting size- 


frequeney relations are plotted In 
that the 
Is distinetly more unl- 
than the that 


filtered Is 


igure 6. Indicate 


filtered 


They 
dust 
form unfiltered sand 
size oof the 
that of the 


dust 


the median 
spatter than 
After the 


mined In) the aur for SOTTO time, how- 


unfiltered. 


Suspensions hei re- 


ever, different results were obtained. 


The large particles hed settled Out 


and, when samples of the filtered 


and unfiltered dusts Were eXiumined 


under the MICrOscope, it was ditheult 


to distinguish between the two. 
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RESISTANCE TO BREATHING AND TH) 
PILTERING AREA 
In the industrial mask specifies 


tions issued by the Bureau of Mune 


19). two types of amasks deseribe 
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‘no these exposures, the subjects per- 
form light or vigorous physical labor. 
The masks are tested for resistance to 
breathing both before and after the 
filtering and man tests. ‘The resist- 
anee must not exceed 102 mm. 
‘4 inches) of water pressure when 
measured at an air flow of 85 liters a 
minute. In spite of the fact that it 
was Fieldner (7) of the Bureau of 
\lines who suggested the advisability 
of using large filtering areas to pre- 
vent plugging and increase of resist- 
anee, we believe that the Bureau’s 
present specifications (19) do not 
emphasize this point enough. A man 
test of twenty minutes, even with 
500 parts per million of tin tetra- 
chloride in the air, seems to us too 
short to show whether or not plugging 
will be an important factor. 

The rate at which the resistance of 
« given filter increases owing to plug- 
ving depends on (a) the nature, and (b) 
the concentration of the suspension, 
c) the rate at which the air is drawn 
through the masks, as well as (d) the 
texture, (e) the density, and (f) the 
area of the filter. In practical work, 
the last three factors, (d), (e), and (f), 
are under control; the first three, (a), 
b), and (c), must be taken as they 
UCCUT. 

Table 2 (Columns IV, V, and VI) 
shows the rates at which masks and 
respirators with different filters of 
various areas increase in resistance 
when plugged with zine oxide fume. 


‘] 
i‘h, 


The results of three tests are given: one 
‘’olumn LV) in which fume was drawn 

nultaneously through the Army, 
Burrell, and cotton masks at 85 liters 
minute for fifty-four minutes; a 
nd (Column V) in. which the 


’ 


il, cotton, and pig snout (cot- 


rre 


ton pad filter) masks were plugged; 
and a third (Column VI) in which 
the normal and half-sized? Army and 
Burrell filters were compared. 

The tests the results of which are 
listed in Column VI show the effect 
of filtering area on the increase in 
resistance caused by plugging with 
zinc oxide. ‘I'wo separate tests, each 
of twenty-four minutes, were made. 
In the first, the normal and _half- 
sized Burrell were treated; and in the 
second, the normal and _half-sized 
Army mask. The resistances were 
measured immediately before and 
after the tests, and the rate of air 
flow was kept constant at 85 liters a 
minute. The concentrations of zine 
oxide used varied from approximately 
000 to 300 mg. per cubic meter—-con- 
centrations which are severe, but 
which are substantially lower than 
some we have breathed ourselves in 
experimental work and some we have 
encountered in industry. In both 
pairs of tests, the concentration de- 
creased uniformly but noticeably as 
each test progressed. 

These tests show the importance of 
large filtering areas. In normally 
clean air, doubling the area reduces 
the resistance by a little less than one- 
half (the relation between resistance 
and area is usually not linear). In air 
containing appreciable amounts of 
freshly formed fume, our results indi- 
‘ate that doubling the area may re- 
duce the tendency to plug by as much 
as three-fourths. 


SUMMARY 


Masks for protection against dust 
and fume particles must be provided 


‘One-half of the filter was blocked off. 
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with effective filters, preferably of a 
fibrous nature and with large cross- 
sectional area. The materials used 
in gas masks for protection against 
toxic gases are ineffective in removing 
particles of dusts and fumes. 

The masks (filters) deseribed and 
tested include (a) the United States 
Army model 1919; (b) pig snout 
filters of sponges, 
cotton pads, or papers; (c) the Burrell 
dust mask; and (d) a mask of cotton 
fabrie used industrially for the col- 
lection of zine oxide. 


respirators with 


Various types 
of headpieces and accessory equip- 
ment are also discussed. 

‘The suspensions used for testing 
the masks were (a) tobacco smoke 
(particles about 0.27 micron), (6) zine 
oxide fume made by exploding zine 
powder and potassium chlorate (par- 
ticles about 0.5 micron), and (c) a 
ground — silica 


median 


mineral dust and a 


(particles whose size were 
between 1 and 5 microns). 

The respective tendencies of these 
suspensions to plug the filters through 
which they were drawn, thus increas- 
ing resistance to breathing and filter- 
ing efliciency, are discussed. Tl ilter- 


ing efficiencies were determined by 


Tyndallmeter, a method sufficiently 


accurate for industrial masks, but 
not so sensitive as electric precipi- 
tation. 

The efhiciency of masks of large or 
small area can be very greatly in- 


creased by plugging the surface 
meshes with a freshly generated, 


finely divided fume like zine, magne- 
sium, or oxide. If the 
filtering area is small, plugging quick- 


aluminium 


ly increases the resistance to pro- 
hibitive figures; but masks with large 
area (S800 to 1,200 sq. em.) ean be 
plugged to give perfect protection 
against finely divided lead fume and 
over 97 per against tobacco 
At the same time, the re- 
sistance to air flow can be kept below 


cent. 
smoke. 


30 mm. of water pressure measured at 
S85 liters a minute. 
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BOOK REVIEW 


Pusuic Heatru Law. A MANUAL or Law 
FOR SANITARIANS. By James A. Tobey, 
M.S., LL.B., Lecturer on Public Health 
Law at the Massachusetts Institute of 
Technology, Yale School of Medicine, and 
Columbia University; Member of the 
Bar of the District of Columbia and of 
the United States Supreme Court; 
Fellow, American Public Health Asso- 
ciation. With a foreword by Charles 
V. Chapin, M.D., Se.D. Cloth. Pp. 
Xvili, 304 with appendixes and indexes. 
Baltimore: The Williams & Wilkins Co., 
1926. 


‘To those who depend on reference 
works in publie health law, this book 
by Tobey will real need. 
Between the standard work by Parker 
and Worthington (1892) and that by 
Ilemenway (1914) there is a distinet 
this 
it is to sanitarians and other interested 


meet A 


field for volume, addressed as 
persons who have no legal training. 
While stating concisely the funda- 
mental legal principles appheable to 
public health procedure, this book 
also serves as an introduction to legal 
methods and as 2 source of pertinent 
legal references. As Dr. Chapin points 
in his foreword, the information 
on court procedure included in the 


out 


book is well designed to save much 


misunderstanding and annoyance ani 
is invaluable to any new health officer, 
It should be read in connection with 
the author’s volume, ‘The 
National Government and_ Public 
Health,” a publication of the In- 
stitute for Government Research. 

In scope this book presents in sys- 
tematic form the development of 
public health law in the United States 
and our peculiar relations between 
federal and state authority. The 
police power as it bears on adminis- 
trative measures in state and _ local 
health departments is described and 
the procedures connected with schoo! 
hygiene, vaccination, control of foods 
and drugs, control of communicable 
diseases, and control of nuisances are 
outlined in a fashion understandable 
to the nonlegal worker. Methods 
and principles of drafting health 
legislation and the procedures in law 
enforcement are well stated. The 
appended references and summaries 
of cases and legal health provisions 
are a distinctly useful feature of this 
valuable book.—R. M. Atwater. 
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